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(54) Pneumatic radial tire and method of manufacturing the same 



(57) Disclosed is a pneumatic radial tire having a 
belt layer disposed radially outer to a carcass layer in a 
tread section of the tire, the belt layer being formed of 
strip pieces each comprising a plurality of reinforcing 
cords and having a predetermined width, the strip 
pieces being arranged at a predetermined angle relative 
to the circumferential direction of the tire, one round por- 
tion of the belt layer in the circumferential direction of 
the tire comprising an integral number of the strip pieces 
juxtaposed in a manner such that each two adjacent 
strip pieces butts against each other along their longitu- 
dinal edges. Also disclosed is a method of manufactur- 
ing a pneumatic radial tire comprising the steps of 
feeding a strip material comprising a plurality of reinforc- 
ing cords and having a predetermined width from a 
standard measure feeding device which is adjustable in 
its feeding angle to a carrier conveyor, cutting the strip 
material to a predetermined size in sequence to form 
strip pieces while alternately moving the strip material 
and the carrier conveyor intermittently in synchroniza- 
tion with each other, transferring the strip pieces onto 
said carrier conveyor, forming a belt member having a 
length equal to a length L of a belt layer for one tire by 
butting the 6trip pieces against each other along their 
longitudinal edges, and using the belt member as said 
belt layer, wherein if a width of the strip material is A and 
the number of the strip pieces for forming the belt layer 
is N, an angle e for cutting the strip material to the pre- 
determined size relative to a moving direction of the 
standard measure feeding device is set such that the 
strip piece number N can be an integer in the following 
expression: 

0 = sin 1 (N xA/L) 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a pneumatic radial tire and manufacturing method of the same, and more par- 
ticularly to a pneumatic radial tire which enables many kinds productions in small quantities to be efficiently performed 
and manufacturing method of the same. 

[0002] Generally, a belt layer for a pneumatic radial tire is formed in a manner that a wide calender material calend- 
ered to impregnate a number of reinforcing cords with unvulcanized rubber is bias-cut to a width of a belt, the reinforcing 
cords having been pulled out from a creel stand and aligned with one another, a number of cut pieces obtained by the 
bias-cutting are joined together for forming a long belt sheet material where the cut ends thereof are left and right 
edges, and then this long sheet material is wound on a drum and placed in temporary stock. A belt member for one tire 
is obtained by pulling out the belt sheet material from the drum during belt layer formation and cutting the sheet material 
to a length equal to a circumference of the belt layer in a direction along the reinforcing cords. 
[0003] However, a belt member for one tire is different from another in width and length depending on a tire size. Thus, 
for forming belt members in the above manner, belt sheet materials different from one another must be stocked for 
respective tire specifications. For this reason, a great many kinds of belt members were stocked, which created a prob- 
lem of requiring wide stock space. The impossibility of utilizing a belt member for the other tire specifications leads to 
such problems of leaving end portions of belt sheet materials for respective tire specifications as waste and requiring 
more operations during a tire manufacturing process. Moreover, for performing production of many kinds in small quan- 
tities, it was necessary to frequently carry out setup changing work for replacing a drum having taken up a long sheet 
material with another at each time when tire specifications were changed. 

SUMMARY OF THE INVENTION 

[0004] The object of the present invention is to solve the above described problems of stock space for belt members 
for respective tire specifications and material waste, and also is to provide a pneumatic radial tire which enables pro- 
duction of many kinds in small quantities to be efficiently performed and manufacturing method of the same. 
[0005] In order to achieve the above described object, a pneumatic radial tire of the present invention has a belt layer 
disposed radially outer to a carcass layer in a tread section of the tire, the belt layer being formed of strip pieces each 
comprising a plurality of reinforcing cords and having a predetermined width, the strip pieces being arranged at a pre- 
determined angle relative to the circumferential direction of the tire, one round portion of the belt layer in the circumfer- 
ential direction of the tire comprising an integral number of the strip pieces juxtaposed in a manner such that each two 
adjacent strip pieces butts against each other along their longitudinal edges. 

[0006] According to the present invention, the strip pieces are obtained by cutting a strip material having a predeter- 
mined width to a predetermined length at a predetermined angle. 

[0007] In the pneumatic radial tire, if a length of the belt layer is L, a width of the strip pieces is A, an inclined angle of 
the strip pieces relative to the circumferential direction of the tire is 0 and the number of the strip pieces is N, the inclined 
angle 0 should preferably be set such that the number N of the strip pieces can be an integer in the following expression. 

0 = sin " 1 (N x A/L) 

[0008] The method manufacturing of a pneumatic radial tire of the present invention comprises the steps of feeding 
a strip material comprising a plurality of reinforcing cords and having a predetermined width from a standard measure 
feeding device which is adjustable in its feeding angle to a carrier conveyor, cutting said strip material to a predeter- 
mined size in sequence to form strip pieces while alternately moving the strip material and the carrier conveyor inter- 
mittently in synchronization with each other, transferring the strip pieces onto the carrier conveyor, forming a belt 
member having a length equal to a length L of a belt layer for one tire by butting the strip pieces against each other along 
their longitudinal edges, and using the belt member as the belt layer. In this case, if a width of the strip material is A and 
the number of the strip pieces for forming the belt layer is N, and an angle 6 for cutting the strip material to the prede- 
termined size relative to the moving direction of the standard measure feeding device should be set such that the 
number N of the strip pieces can be an integer in the following expression. 

0 = sin ' 1 (N x A/L) 

[0009] As described above, according to the present invention, a belt layer for one round of a tire is formed by inclining 
at a predetermined angle the integral number of predetermined width strip pieces, each of which is composed of a plu- 
rality of reinforcing cords, and by joining these strip pieces together in a manner such that two adjacent strip pieces 
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butts against each other along their longitudinal edges. Thus, during belt layer formation, the predetermined width strip 
material is cut to a predetermined size in sequence at a predetermined inclined angle, the integral number of strip 
pieces obtained by cutting are butted against one another along their longitudinal edges and thereby the belt layer can 
be formed to have a length for one tire. Even if the size of a tire to be manufactured varies, since many sizes are dealt 
with by changing the cutting angles, the cutting lengths and the joined number of the strip pieces, various belt layers 
can be formed from the same strip material. As a result, efficient production of many kinds in small quantities can be 
performed. Therefore, the problem of requiring stock space for respective tire specifications as well as causing material 
waste can be eliminated. Moreover, large scale setup changing work will be unnecessary, thus enabling high efficiency 
manufacturings of many kinds of tires in small quantities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] For a more complete understanding of the present invention and the advantages thereof, reference is now 
made to the following detailed description taken in conjunction with the accompanying drawings, in which: 

Fig. 1 is a tire meridian section view showing an example of a pneumatic radial tire of the present invention; 
Fig. 2 is a partially broken view illustrating main portions of a belt layer of Fig. 1 ; and 

Fig. 3 is a view illustrating main portions of a pneumatic radial tire manufacturing method of the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 1 ] For better understanding, the arrangement and effect of the present invention will be described below in detail 
with reference to the accompanying drawings. 

[001 2] Referring first to Fig. 1 , shown is an example of a pneumatic radial tire of the present invention, where refer- 
ence numerals 1 , 2 and 3 denote a tread section, a side wall section and a bead section respectively. A carcass layer 
4 is disposed in the inner side of the tire, and both end portions 4a thereof are folded from the tire inner side to its outer 
side around bead cores 5 so as to hold bead fillers 6. Two belt layers 7A and 7B are provided in the outer peripheral 
side of the carcass layer 4. A reference numeral 8 denotes an inner liner layer disposed in the inner side of the tire. 
[0013] Referring now to Fig. 2, shown is a detailed construction of each of the belt layers 7A and 7B. The belt layers 
7A and 7B are formed for one round of a tire by inclining the integral number of predetermined width strip pieces S1. 

52, S3,... at a predetermined angle relative to the circumferential direction T of the tire, each of which is composed of 
a plurality of reinforcing cords f, and then joining these strip pieces together in a manner such that two adjacent strip 
pieces butts against each other along their longitudinal edges. Between the belt layers, the reinforcing cords f cross 
each other with their inclinations to the tire circumferential direction T reversed to each other. 

[0014] If a length of each of the belt layers 7A and 7B is L(mm), a width of each of the strip pieces S1 , S2, S3 is 

A(mm), and an inclined angle of each of the strip pieces S1 , S2, S3 to the tire circumferential direction T is 6 (° ) and 

the number of strip pieces Si , S2, S3 is N, an inclined angle 8 is set such that the number N of strip pieces S1 , S2, 

53 can be an integer in the following expression. 

6 ^sin* 1 (NxA/L) 

[001 5] The pneumatic radial tire constructed in the above manner employs an usual method for forming the inner liner 
layer, the carcass layer, the bead cores having bead fillers and a carcass band having side wail rubber by means of a 
band forming drum. But the belt layers are formed as shown in Fig. 3. 

[001 6] Referring now to Fig. 3, shown is a pneumatic radial tire manufacturing method of the present invention, where 
reference numeral 1 1 denotes the creel stand for feeding a plurality of reinforcing cords f, 12; a rubber coating device 
for coating the reinforcing cords f with unvulcanized rubber to form a strip material S. 13; a drawing device for drawing 
the strip material S in an arrow direction, 14; a festooner for temporarily holding the strip material S, 15; a standard 
measure feeding device for intermittently carrying the strip material S, 16; a bias cutter for obliquely cutting the strip 
material S, 1 7; a carrier conveyor for intermittently carrying strip pieces obtained by cutting of the bias cutter 1 6 toward 
a belt forming drum F side and 13; a splicer for butting the sides of the strip pieces against those of the others and join- 
ing the strip pieces together. The standard measure feeding device 1 5 can be rotated and moved in both sides indicated 
by arrow directions X around a position O of the bias cutter 16 side. Thus, the standard measure feeding device 15 can 
adjust an angle for feeding the strip material S to the earner conveyor 17. The standard measure feeding device 15 and 
the carrier conveyor 1 7 can alternately move the strip material S intermittently in synchronization with each other. The 
splicer 18 can change a direction of joining accompanied with the standard measure feeding device 15 rotated and 
moved so as to change the cutting angle 0 of the bias cutter 16. Thus, the splicer 18 can always perform splicing along 
the longitudinal edges of the strip pieces. 
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[001 7] Formation of a belt layer is carried out as follows. First, a plurality of reinforcing cords f fed from the creel stand 
1 1 and aligned are coated with unvulcanized rubber by the rubber coating device 12 to continuously form a predeter- 
mined width strip material S. A predetermined amount of the strip material S is carried to the carrier conveyor 17 side 
only by a predetermined distance by the standard measure feeding device 15 via the drawing device 13 and the fes- 
tooner 14. Then, the strip material S is cut to a predetermined size by the bias cutter 16 with a predetermined cutting 
angle 6 set with respect to the longitudinal direction (feeding direction) of the strip material S, which is equivalent to the 
moving direction of the standard measure feeding device. The cutting angle 6 is identical to the above inclined angle 8 
and set such that N can be an integer in the above expression. Herein, A means a width of the strip material S which is 
equal to a width of the strip piece. A strip piece S1 obtained by the above predetermined -size cutting is transferred to 
the carrier conveyor 1 7 and then carried thereon by an amount equal to a length of its cut surface to the forming drum 
F side. 

[001 8J After the carrying, the strip material S is carried again by a predetermined length by the standard measure 
feeding device 15. The strip material S carried to the carrier conveyor 17 side adjacently to the strip piece S1 is bias- 
cut by the bias cutter 16. Then, by the splicer 18, the strip pieces S1 and S2 are joined together by butting the side of 
one against that of the other. The joined strip pieces S1 and S2 are carried on the carrier conveyor 17 by length equal 
to that of their cut surfaces. 

[0019] Thereafter, the process repeats standard measure feeding of the strip material S by the standard measure 
feeding device 15, cutting by the bias-cutter 16, joining by the splicer 18 and predetermined-length carrying by the car- 
rier conveyor 17. Then, the strip pieces obtained by the cutting are joined together along their longitudinal edges in 
sequence on the carrier conveyor 1 7. In this way, a belt member 7 A* is formed, which is composed of the integral 
number of strip pieces S1 , S2, S3,..., of equal width, and has a length equal to the length L of the belt layer 7A for one 
tire. The belt member 7A' is wound on the belt forming drum F by one round to form an unvulcanized rubber belt layer 
7A where the reinforcing cords f are inclined in one direction. Since a belt layer is directly formed without stocking any 
belt members, stock space is unnecessary. Also, since the belt layer 7A is formed by using the integral number of strip 
pieces S1, S2. S3,..., of equal width, the occurrence of material waste is prevented. 

[0020] Formation of the belt layer 7B of the outer side is also carried out by inclining the reinforcing cords f in the 
reverse direction of the above described direction for 7A, and similarly, a belt member which is composed of the integral 
number of strip pieces having equal width is formed. Then, the belt member is wound on the belt layer 7A around a belt 
forming drum F by one round, a belt layer 7B of unvulcanized rubber is formed with the reinforcing cords f inclined in 
the other direction. The belt member for the belt layer 7B is cut and placed on the carrier conveyor 1 7 by one tire length 
as the same with the belt layer 7A. When the belt layer 7B is wound around the drum, the belt drum is rotated in the 
opposite direction of that for the belt layer 7A, and the belt layer 7B is formed. 

[0021] After the belt layer formation, by using a conventional method, tread rubber is wound on the belt layer by one 
round and then a belt tread rubber laminated body is formed. The carcass band is deformed to be troidal by a shaping 
drum, and the belt tread rubber laminated body is transferred to its outer periphery. Then, the belt tread rubber lami- 
nated body is stuck to the troidal carcass band without any space left to be formed into a green tire. By curing the green 
tire in a metallic mold, the above described pneumatic radial tire can be provided. 

[0022] When belt specifications are changed due to a change in tire specifications, a feeding length of the strip mate- 
rial S sent by the standard measure feeding device 1 5 to the carrier conveyor 1 7 is changed. Also, an angle 6 for cutting 
the strip material S by the bias cutter 16 is changed according to the changed length L such that N can be an integer in 
the above expression. Changing of the cutting angle 0 is carried out by rotating and moving the standard measure feed- 
ing device 15 around the position O and changing an angle for feeding the strip material S to the carrier conveyor 17. 
Since the splicer 18 is installed in the same frame as that for the standard measure feeding device, its arranging angle 
is changed accompanied with the angle change of the standard measure feeding device. A feeding length by the carrier 
conveyor 17 is also changed according to the above described angle change. 

[0023] Strip pieces obtained by cutting the strip material S after the specification change are then joined together, as 
in the above case, while butting the sides of one piece with those of the others in sequence and thereby a belt member 
composed of the integral number of strip pieces is formed. Conventionally, each changing of tire specifications was 
dealt with by replacing a drum having taken up a long belt sheet material against another. However, according to the 
present invention, many kinds of tires having different sizes can be dealt with only by changing, as described above, a 
cutting angle 0 according to a change in tire specifications. Accordingly, efficient production of many kinds in small 
quantities can be performed without any necessity of securing stock space for respective tire specifications and without 
carrying out any large-scale setup changing work. 

[0024] As described above, according to the present invention, the integral number of predetermined width strip 
pieces S1 , S2, S3,..., each composed of a plurality of reinforcing cords f, are inclined by a predetermined angle relative 
to the tire circumferential direction T, these strip pieces are joined together while both sides of one piece are butted 
against those of the others in sequence and thereby a belt layer for one tire is provided. Thus, a predetermined width 
strip material S composed of a plurality of reinforcing cords f is placed on the carrier conveyor 17 such that its feeding 
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angle can be adjusted. The strip material S and the carrier conveyor 1 7 are alternately moved intermittently in synchro- 
nization with each other, and the strip material S is cut to a predetermined size in sequence to make strip pieces. The 
strip pieces are transferred to the carrier conveyor 17, and the sides of the strip pieces are butted against those of the 
others to form a belt member having a length equal to a length of a belt layer for one tire. Then, the belt member can 

5 be used as a belt layer for a tire. In addition, an angle 6 for cutting the strip material S to a predetermined size is set 
such that N can be an integer in the above expression. Thus, even if there is a change which is made in a tire size, the 
changed size can be dealt with by changing a cutting angle, a cutting length and the number of joined strip pieces, and 
many kinds of belt layers can be formed from the same strip material. Accordingly, the conventional practice of securing 
space for stocking a belt member for respective tire specifications is unnecessary, the occurrence of material waste is 

w prevented and complex setup changing work is unnecessary. Therefore, efficient production of many kinds in small 
quantities can be performed. 

[0025] According to the present invention, for example, if a length L of a belt layer is 1 800mm and a width A of a strip 
material S is 10mm, by setting a cutting angle e to 23.9° , the number N of strip pieces can be set to 73. 
[0026] If a length L of a belt layer is 1 800mm and a width A of a strip material S is 20mm, by setting a cutting angle 9 
is to 24.3° , the number N of strip pieces can be set to 37. Even if a tire size is changed, by similarly changing a cutting 
angle 6, the number N of strip pieces can be set to an integer. 

[0027] Reference is now made to Tables 1 to 3 below each showing an example of changing a cutting angle 0 and 
the number N of strip pieces. Specifically, Table 1 shows a case where a length L of a belt layer is 1800mm and a width 
A of a strip material S is 10mm. Table 2 shows a case where a length L of a belt layer is 1800mm and a width A of a 
20 strip material S is 20mm. Table 3 shows a case where a length L of a belt layer is 1 800mm and a width A of a strip mate- 
rial S is 30mm. 
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[0028] According to the present invention, a width A of a strip material S should be set within a range of 5 to 60mm, 
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preferably 10 to 30mm. A cutting angle 9 should be set within a range of 15 to 45° , preferably 20 to 30° . The above 
ranges of a width A of a strip material S and a cutting angle 9 can be respectively applied to a width A of a strip piece 
and an inclined angle 9. 

[0029] In the above preferred embodiment, the strip material S was provided by coating the reinforcing cords f sup- 
5 plied from the creel stand 1 1 with rubber by the rubber coating device 12. Instead, a long strip material S having a pre- 
determined width formed and taken up by the drum beforehand may be also provided. 

[0030] Although the preferred embodiment of the present invention has been described in detail, it should be under- 
stood that various changes, substitutions and alternations can be made therein without departing spirit and scope of 
the inventions as defined by the appended claims. 

10 

Claims 

1. A pneumatic radial tire having a belt layer disposed radially outer to a carcass layer in a tread section of the tire, 
said belt layer being formed of strip pieces each comprising a plurality of reinforcing cords and having a predeter- 
75 mined width, said strip pieces being arranged at a predetermined angle relative to the circumferential direction of 
the tire, one round portion of said belt layer in the circumferential direction of the tire comprising an integral number 
of said strip pieces juxtaposed in a manner such that each two adjacent strip pieces butts against each other along 
their longitudinal edges. 

20 2. A pneumatic radial tire according to claim 1 , wherein said strip pieces are obtained by cutting a strip material having 
a predetermined width to a predetermined length at a predetermined angle. 

3. A pneumatic radial tire according to claim 1 , wherein if a length of said belt layer is L, a width of said strip pieces is 
A, an inclined angle of said strip pieces relative to the circumferential direction of the tire is 6 and the number of said 
25 strip pieces is N, said inclined angle 9 is set such that said strip piece number N can be an integer in the following 
expression: 

9 = sin ' 1 (N x A/L) 

30 4. A pneumatic radial tire according to claim 3, wherein said strip piece width A is set within a range of 5 to 60mm. 

5. A pneumatic radial tire according to claim 3, wherein said strip piece inclined angle 6 is set within a range of 15 to 

45°. 

35 6. A method of manufacturing a pneumatic radial tire comprising the steps of: 

feeding a strip material comprising a plurality of reinforcing cords and having a predetermined width from a 
standard measure feeding device which is adjustable in its feeding angle to a carrier conveyor; 
cutting said strip material to a predetermined size in sequence to form strip pieces while alternately moving 
40 said strip material and said carrier conveyor intermittently in synchronization with each other; 

transferring said strip pieces onto said carrier conveyor; 

forming a belt member having a length equal to a length L of a belt layer for one tire by butting said strip pieces 
against each other along their longitudinal edges; and 
using said belt member as said belt layer, 
45 wherein if a width of said strip material is A and the number of said strip pieces for forming said belt layer 

is N, an angle 9 for cutting said strip material to the predetermined size relative to a moving direction of said 
standard measure feeding device is set such that said strip piece number N can be an integer in the following 
expression: 

so e - sin " 1 (N x A/L) 

7. A method of manufacturing a pneumatic radial tire according to claim 6, wherein said strip material width A is set 
within a range of 5 to 60mm. 

55 8. A method of manufacturing a pneumatic radial tire according to claim 6, wherein said strip material cutting angle 9 
is set within a range of 1 5 to 45° . 
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